Development of New Thin Layer Chromatographic Systems for Identification of Certain Drugs in Pharmaceutical Formulations by Zehra, Almas
DEVELOPMENT OF NEW THIN LAYER 
CHROMATOGRAPHIC SYSTEMS FOR IDENTIFICATION 
OF CERTAIN DRUGS IN PHARMACEUTICAL 
FORMULATIONS 
DISSERTATION 
SUBMITTED IN PARTfAL FULFILMENT OF THE 
REQUIREMENTS FOR THE AWARD OF THE DEGREE OF 
ittaster of |pi)ilosopl)p 
IN 
APPLIED CHEMISTRY 
H 
BY 
ALMAS ZEHRA 
UNDER THE SUPERVISION OF 
DR. ALI MOHAMMAD 
DEPARTMENT OF APPLIED CHEMISTRY 
FACULTY OF ENGINEERING AND TECHNOLOGY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
2007 
1 5 JUL ?009 
DS3581 
DEPARTMENT OF APPLIED CHEMISTRY 
Dr. Ali Mohammad 
Ph.D., D.Sc. (F.h4.A.Sc.) 
EDITOR: Chemical & Environmental Research 
Faculty of Engineering & Technology. Aligarh Muslim University. Aligarh-202 002. India 
>30 AMU IN (Telex) . 91-571-700920, 700921 (Tel) , 456 (Ext.) . mohammadali4u@rediffmail.com (E-mail) 
Certtticate 
This is to certify that the work embodied in this dissertation entitled 
''Development of new thin layer chromatographic systems for 
identification of certain drugs in pharmaceutical formulations** is the 
original contribution of Miss Almas Zehra, earned out under my guidance 
and supervision, and is suitable for the award of the degree of Master of 
Philosophy in Applied Chemistry from Aligarh Muslim University, Aligaih. 
(Dr. Afi Mohammad) 
Supervisor 
I afways considered it trite and over-fuCsame of authors 
to Gst afuttset of people who were vnvakaSle akuays, that is, 
untifl wrote a dissertation and reaGzedjust how deepfy I am 
in deht to the people Gsted Below. 
It tsr i^kuk to overstate n^ gratitude to my supervisor, 
Chairman,Or. JiB, 9iohanmad TGs enthusiasm, inspiration and 
great efforts to explain things clearfy andsimpfy Benefited in 
developing interest in this suBject Throughout my worf^ he 
exfem&d encouragement, sound and vakoBte advice, 
ilBminating £scussums, guidmce andinsightfuCcriticisms. 
I owe an expression of thanlk§ to 0-Gnafor her conGaC 
assistance. My heartfelt than^ to 9/loheman Bhai, Show^t 
Bhai and ^jiBi for their cooperation and providing nee(ffuC 
guidance. tKazrut deserves deep appredationfor his timefy help 
during this wor^ J am indeBted to Sameen, SaBa, Oiazia, 
Shumaila, Seema and 'K/ish^ for providing a cheerfut, 
stimulating andcongeniaCenvironment 
I am aUso than^fuCto the memBers of non-teaching staff 
of the (Department ofAppGed Chemistry. 
9felp andfaciBties By Classic Computers, especially Ta^ 
Jlhmfor expert processing of the manuscript deserves a word 
ofpraise. 
I am at derth of words to express my heartfelt gratitude 
to my loving parents, Taraz, Sadqf Saher andlfyamfor their 
Blessings and Beirig patient, supportive and caring. 
I end these dry words of appreciation with a deep sense 
of gratitude atuf oBGgation arufwith a hope to reciprocate in 
due course. .f>/U^^ %S^ 
0lGnas2^hm) 
CHAPTER-1 General Introduction 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
1.10 
1.11 
Introduction 
Separation techniques 
Thin - layer chromatography 
Advantages of TLC 
TLC procedure 
Qualitative analysis 
Quantitative analysis 
Surfactant 
Pharmaceuticals 
Amino acids 
Literature 
References 
1 
2 
4 
4 
5 
10 
11 
13 
17 
18 
22 
40 
CBAPTER-2 A New TLC System for Specific Separation of 
L-Arginme from Other Non Essential Amino Acids 
2.1 Introduction 41 
2.2 E}q)erimental 43 
2.3 Results and discussion 49 
Conclusion 60 
References 61 
LIST OF FIGURES AND TABLES 
Fignres Page No. 
Figure 1.1: Tbe process of tfain-layer chromatography. 6 
Figure 1.2 : Structure of silica gel. 7 
Figure 1.3 : Basic structure of a sur&ctant. 14 
Figure 1.4: The effect of increasing surfactant concentration. 14 
Figure 2.1 : Effect of sample pH on the separation of L-Arg 57 
fix)m L-Ser or L-Tyr with MpSs TLC system. 
Figure 2.2 : Separation efficiencies of unimpregnated and SDS 59 
(O.OOIM) impregnated silica layers for the 
resolution of L-Arg, L-Ser and L-Tyr at different 
pH values of mobile phase. 
Tables 
Table 1.1: Classification of chromatogrtq^hic methods. 3 
Table 1.2: Some typical sur&ctants, formulae and their CMCs. 16 
Table 1.3: Literature on TLC studies of amino acids and their 23 
derivatives during 1991-2006. 
Table 2.1 : Effect of pH of mobile phase on Rp value of non 50 
essential amino acids determined on plain (or 
unimpregnated) silica layer. 
Table 2.2 : Effect of SDS concentration level in the silica gel 52 
layer on Rp value of non essential amino adds 
determined using borate phosphate buffer, pH 2.3 
as mobile phase. 
Table 2.3 : Rp value of non essential amino adds on different 54 
stationary phase using buffer pH 2.3 as mobile 
Table 2.4 : Separation of L-Arg from L-Ser or L-Tyr in the 56 
pres«ice of amines as impurities on SDS 
(O.OOIM) impregnated silica phase (S3) using Mi 
(pH 2.3) as mobile phase. 
CHAPTER -1 
GENERAL 
1.1 INTRODUCTION 
Analytical chemistry has extensive applications in the 
analysis of organic and inorganic compounds, pharmaceuticals, 
biochemicals, body fluids, polluted water, food and many other 
areas. This branch usually begins by placing chemical analysis in 
the broader prospective of chemical science. The different 
methods of chemical analysis include: 
(i) Qualitative analysis: It deals with methods used for the 
determination of nature of the constituents of a 
substrate. 
(ii) Quantitative analysis: It deals with the determination of 
how much of given substance is present in the sample. 
The methods used for chemical analysis can be categorized 
as given below 
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1.2 SEPARATION TECHNIQUES 
The identification and separation of various species can be 
achieved by an array of systematic procedures. Among the most 
versatile analytical separation techniques, chromatography has 
wider applicability. 
Chromatography 
As described by Michael Tswett (1), chromatography is an 
analytical (or separation) procedure based upon the adsorption 
esqxariments. In this technique two or more c(Mnponents in a mixture 
are physically separated by distributing between two phases (i) 
stationaiy phase, which can be a solid or a liquid support on a solid and 
(ii) mobile phase (a gas or a liquid) which flows continuously through 
the stationaiy phase. Differences in the afiOnity of individual 
components facilitate their separation. Chromatogrs^hy is a collective 
term, which is qyplicable to all methods that appear diverse in some 
regards but share certain common features. The basis of several related 
separation methods is the dififerential distribution of components of 
mixture with suitable combination of driving force and resistive action 
of stationaiy and mobile phases (2-7). A simple classification of 
chromatographic methods is summarized m Table 1.1. 
Table 1.1: Classification of Chromatographic Methods. 
S. 
No. 
Type of Chromatography Examples 
1 Adsorption 
chromatography 
Column chromatography, thin-
layer chromatography, gas-solid 
chromatography 
2. Partition chromatography Paper chromatography, reversed-
phase thin-layer chromatography, 
classical liquid-liquid 
chromatography 
3. Modified partition (or 
bonded phase 
chromatography) 
High-performance liquid 
chromatography (HPLC) and high-
performance (HP) TLC 
Ion-exchange 
chromatography 
Cation and anion exchange 
chromatography 
Exclusion chromatography Ion-exclusion and gel permeation 
chromatography, molecule or sieve 
chromatography 
6. Electrochromatography Capillary and zone electrophoresis 
Since the work presented in this dissertation is mainly 
based on the use of thin layer chromatography as a separation 
technique, it is therefore necessary to mention the salient features 
of this technique. 
13 THIN-LAYER CHROMATOGRAPHY (TLC) 
Thin-layer chromatography is a subdivision of liquid planar 
chromatography in which the mobile phase (a liquid) migrates 
through the stationary phase (a thin layer of porous sorbent on a 
planar inert surface) by capillary action. Components of a 
mixture are separated by distributing between mobile phase and 
stationary phase. Difference in the affinity of individual 
components facilitate their separation. TLC was first discovered 
by Izmailov and Shraiber in 1938 (8). This technique was further 
developed by Meinhard and Hall (9), Kirchner (10-12) and 
Reitsema. TLC received due attention only in 1958, as a result of 
very precise and serious type of work carried out by E. Stahl (13, 
14). He not only perfected the method but also developed 
equipment and standardized adsorbents for the preparation of uniform 
layers on glass plates. In the mid-1970s, plates with uniform, fine-
particle layers were produced commercially and termed as high-
performance thin-layer chromatography (HPTLC). 
1.4 ADVANTAGES OF TLC 
• TLC is a simple, versatile and flexible procedure of 
chromatography. 
• It is rapid because precoated layers are available for use 
as received, without preparation. 
• Low solvent consumption and low operating cost. 
• Simultaneous analysis of a large number of samples. 
• Used for qualitative, quantitative as well as preparative 
(to purify and isolate a particular substance for 
subsequent use) analysis. 
• Off-line process in which all the procedural steps are 
carried out independently (Figure 1.1). 
1.5 TLC PROCEDURE 
(a) Choice of adsorbent. 
(b)TLC plate preparation. 
(c) Sample application. 
(d)Choice of solvent. 
(e) Visualization. 
(a) Choice of adsorbent 
Silica gel is slightly acidic, an amorphous and porous 
sorbent, most frequently used layer material followed by alumina 
and cellulose. Binder is often incorporated into it to hold the 
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^ f 
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Figure 1.1: The process of Thin-Layer Chromatography. 
adsorbent firmly on the plate. At the sur&ce of silica gel, the free 
valencies of the oxygen are connected either with hydrogen (Si-OH, 
silanoi groups) or with another silicon atom (Si-O-Si, siloxane groups). 
OH OH 
,1—5 ~\ P" OH 
/ 0 
I 
Fignre 1 J : Stractare of SiUoi gd. 
The silanoi groups are capable to interact with solute molecules. 
On the other hand, alumina (aluminium oxide) is basic and more 
reactive than silica gel. Cellulose, an organic material is used as 
a sorbent to perform separations with decreased development 
time and increased sensitivity of detection compared to paper 
chromatography. 
(b) TLC plate preparatioa or coating procedure 
The manual preparation of layers involves the coating of 
slurry of the adsorbents (silica gel, alumina, cellulose etc) on 
glass, aluminium or plastic sheet (20 x 20 or 20 x 10cm) with the help 
of TLC applicator. The plates should be dried at room temperature 
followed by activation at lOO^ 'C in an oven and then used. The 
thickness of dried layer for analytical purposes is kept to 0.2 - 0.3 mm. 
(c) Sample application 
Sample application is one of the most important step in the 
technology of TLC. Improperly applied samples result in poor 
chromatograms. About IfiL of 1% solution of the sample is 
applied on to a coated glass plates with the help of capillary, 
micropipette or microsyringe. The sample should be completely 
dried before placing the plate in the developing chamber. 
(d) Choice of solvent (Mobile phase) 
Selection of mobile phase depends on nature of tiie substances to 
be separated and adsorbent on >^ch the separation is to be carried out 
Separation possibility of complex mixture is greatly improved by the 
proper selection of mobile phase. The mobile phases used as 
developers in TLC may be categorized into following groups. 
(i) Inorganic solvents: Solutions of mineral acids, bases, 
salts and mixture of acids, bases or their salts. 
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(ii) Organic solvents: Acids, bases, hydrocarbons, alcohols, 
amines, ketones, aldehydes, organophosphates and their 
mixture in different proportions. 
(iii) Mixed solvents: Above mentioned organic solvents 
mixed with water, mineral acids, inorganic bases or 
dimethyl sulphoxide and buffered salt solution. 
(iv) Surfactant-mediated system: Aqueous and hybrid 
solutions of cationic, anionic and nonionic surfactants. 
(e) Visaalization 
The process of detecting the spots on the plates after 
development is called visualization. Visualization of separated 
zones on TLC plate is performed by physical, chemical and 
biological methods, 
(i) Physical methods of detection involve the use of spectroscopy 
(autoradiography). X-ray fluorescence and UV radiation etc. 
(ii) Chemical detection methods involve the spraying of plates with 
a suitable reagent, which forms coloured compounds with the 
separated species. 
(iii) Biological detection methods (bio-autography) are useful for 
specific detection of compounds with a certain physiological 
activity. 
In addition to these techniques, enzyme inhibition, 
immunostaining and flame ionization detection methods have 
also been used. 
1.6 QUALITATIVE ANALYSIS 
(i) Identification: In TLC, the identification of separated 
compounds is primarily based on their mobility in a suitable 
solvent which is described by the Rp value of each compound 
_ Distance of solute migration from the origin 
^ Distance of solvent migration from the <»igin 
The factors which influence the magnitude of Rp are nature 
of sorbent and mobile phase, layer thickness, room temperature, 
sample volume, relative humidity and mode of development 
technique. Another term RM, which is the logarithmic function of 
the Rp value i.e. R„ = log value is more useful as it 
bears a linear relationship to some TLC parameters or structural 
element of the analyte. However, in case of continuous and 
10 
multiple development, where the solvent front is not measured, 
the term Rx is used. 
Distance moved by solute 
K.JJ — — — — ^ — — — — — — — — ^ — — 
Distance moved by standard 
RF value ranges fix)m 0.0-0.999. Rx value can be greater than 1.0. 
(ii) Separation: When two or more analytes have differential 
migration with the same chromatographic system, they are mixed 
thoroughly, the mixture is spotted on the TLC plate and 
chromatographed. The separated components of mixture are 
detected and their Rp values are recorded. Some of the basic 
requirements for a good separation are (a) each spot should be 
compact (RL-RT ^ 0.3), (b) the difference in Rp values of two 
adjacent spots should be atleast 0.1, (c) no complexation should 
occur between separable species, (d) chromatography of 
individuals and the mixture should be performed under identical 
experimental conditions. 
1.7 QUANTITATIVE ANALYSIS 
The two main approaches for quantitative evaluation of 
analyte in TLC include (i) quantitation after elution from the 
layer (ii) in-situ quantitation on the layer. In the first case, 
11 
quantitation is perfonned after scraping off the separated analyte 
zone, collection of the sorbent and recovery of the substance by 
elution from the sorbent. Thereafter, the eluates are analyzed by 
electroanalytical, gas chromatography, spectrophotometry, 
titrimetry etc. In the second, solutes are assayed directly on the 
layer with the help of visual, manual or instrumental measurement 
methods. In-situ densitometry, a preferred technique for 
quantitative. TLC involve the measurement of visible or 
ultraviolet absorbance, fluorescence or fluorescence quenching 
directly on the layer. The measurements are made either by 
•I 
transmission through the plates by reflection from the plate, or by 
reflection and transmission simultaneously using either single 
beam, double-beam or single beam dual wavelength operation of 
scanning instruments. Modem optical densitometric scanners are 
liked to computer and are capable for automated peak location, 
multiple wavelength scanning and spectral comparison of 
fractions in several operating modes (absorption, transmission, 
fluorescence etc). 
For semiquantitative analysis, visual comparison and spot 
size measurement methods are used. A defmite volume of sample 
is chromatographed along standards containing the analyte. After 
12 
detection, the amount of analyte in the sample is estimated by 
visual comparison of the size and intensity of the sample zone 
with the standards. This method works well if the applied amount 
of sample are kept close to the detection limit and the sample is 
accurately bracketed with standards. The shape and size of the 
spot produced on chromatograms are significantly influenced by 
the amount of analyte. 
1.8 SURFACTANT 
Surfactants are long chain amphiphilic organic or 
organometallic molecules, it is surface active agent. Molecule has 
polar (hydrophilic or lipophobic) or ionic headgroup attached to 
non-polar (hydrophobic or lipophilic) hydrocarbon tail, Figure 1.3. 
The adsorption of a surfactant from solution on to a surface 
depends upon the concentration. Figure 1.4. At very low 
surfactant concentration, there is no orientation and the molecule 
lies flat on the surface. As the concentration increases, surfactant 
molecule on the surface increases and they begin to orient. On 
further increasing the concentration, they form unimolecular 
layer. This particular concentration is known as critical micellar 
concentration (CMC). The CMC of surfactant indicates the point 
13 
A hydrophobic part-water dblikiag A hydrophilic part-water ItUog 
Figure 1.3: Basic structure of a surfactant. 
V/mt/lydnrMKcmit^ Watar/fayAopUiemiftcc 
Voytow 
,£££_ ^X-
MCMC 
Above CMC 
Figure 1.4: The effect of increasing surfactant concentration. 
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at which monolayer adsorption is complete and the surface active 
properties are optimum. Above CMC, the surfactant molecules in 
the solution form an ordered structure known as micelles. 
Classification of surfactants 
Surfactants are classified as anionic, cationic, zwitterionic 
and nonionic surfactants. 
(i) Anionic [R-X'M*^]: In anionic surfactants headgroup is 
negatively charged. Alkali alkanoates or soaps, alkyl 
sulfates, aryl sulfonates and sulfonates of alkyl 
succinates are important classes of anionic surfactants. 
(ii) Cationic [R-N* (CH3)3 X"]: In cationic surfactants, 
headgroup is positively charged. These surfactants are 
based upon quaternary nitrogen. Alkylammonium 
halides and tetra-alkylammonium halides are the most 
numerous in this class. 
(iii) Zwitterionic [R-(CH3)2 N^CHzX"]: It is a combination 
of anionic and cationic group in a single amphiphilic 
molecule. Betaines are very important class of 
zwitterionic surfactants. 
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(iv) Nonionic [R (OCH2 CHj)]™ OH: In this type of 
surfactants head group is uncharged. Alkyl ethylene 
oxide surfactant also called alcohol ethoxylates come in 
this class. 
R-> long aliphatic hydrocaibon chain M^-> metal ion 
X -> halogen or COO' or S04^" m -> integer. 
A list of some common sur&ctants is provided in Table 1.2. 
Tabl« 1.2: Some Typical Surfactants, Formulae and Their CMCs 
Surfactant Formulae CMC(M) 
Anionic 
Sodium dodecyl sulfate (SDS) CH3(CH2)i lOSOsNa* 8.1x10"^ 
Potassium perfluotoheptanoate C7FisC0O~K^ 3.0x10'^ 
Sodium polyoxycthylenc (12)- CH3(CH2)ii(OCH2CH,2),2 2.0x10-' 
dodet^ I ether OSO'aNa* 
Cationic 
Cetylpyridinium chloride CieHjjN^CjHjCr 1.2x10-" 
Ce^trimethyl ammonium-bromide CH3(CH2)i5N*(CH3)3Br" 9.0x10"^ 
(CTAB) 
Nonionic 
Polyoxyethylene (6) dodccanol CH3(CH2)i i(OCH2CH2)60H 9.0 x 10"* 
Polyoxycthylenc (23)- dodecanol CH3(CH2)n(OCH2CH2)230H 1.0x10^ 
(Brij-35) 
Zwitterionic 
N-Dodecyl-N, N- CH3(CH2)ii>r(CH3)2(CH2)3S03- 3.0 x 10"^  
dimethyiammomum-3-propane-l-
sulfonic acid (SB-12) 
N,N-DimethyI-N(carboxymethyl) C8Hi7K'(CH3)2CH2COO" 25x10-^ 
octylammonium salt. 
Nonaqueous (reversed) 
Bis(2-cthylhexyl) sodium Na03SCH(CH2COOC«Hi7) C00C«H,7 6.0 x 10"" 
sulfosdccinatc (APT) • 
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1.9 PHARMACEUTICALS 
Pharmacology is the science of drugs. It deals with interaction of 
exogenously administered chemical molecules (dn^) with living 
systems. The art of preparing drugs is termed as pharmaceutical. 
In 1966, WHO has defined the term drug as **Drug is any 
substance or product that is used or is intended to be used to 
modify or explore physiological systems or pathological states 
for the benefit of the recipient". The term *drug* is being also 
used to mean additive substances. 
The drug formulations have been classified into 23 different 
categories based upon their common therapeutic uses as under: 
• Amino acids, vitamins and 
other nutritional additives 
• Analgesics and antipyretics 
• Antacids and other ulcer 
healing drugs 
• Antacids, sedatives, 
antispasmodics 
• Anthelmintics 
• Anti-allergic drugs 
• Expectorants and cough 
suppressants 
• Eye, ear preparations 
• Keratolytics and 
cleansers 
• Laxatives, purgatives 
and lubricants 
• Nasal preparations 
* Oral rehydration salts 
17 
• Antibiotics 
• Anti-diarrhoeals 
• Anti-inflammatory drugs 
• Antimalarials 
• Anti-tuberculous drugs 
• Bronchospasm relaxants 
(anti-asthma) 
• Rubefacients 
• Sedatives and 
tranquillisers 
• Topical antifungal, 
anti-infective 
preparations 
• Enzymes and digestives 
• Urinary anti-infective 
preparations 
The work presented in this dissertation has been done on 
amino acids and thus, the further study refers to them. 
1.10 AMINO ACIDS 
Amino acids are the building blocks of proteins. Amino 
acids can exist as zwitterions at isoelectric pH (pi). Commonly 
occuring amino acids are 20 in number. Most of the amino acids 
(except proline) are alpha amino acids, which means that the 
amino group is attached to the same carbon atom to which the 
carboxyl group is attached. 
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Classification of amino acids on the basis of structure: 
A. Aliphatic amino acids 
(a) Monoamine mono carboxylic acids: 
COOH COOH COOH COOH COOH 
CHNH2 CHNH2 CHNH2 CHNH2 CHNH2 
H CH3 CH-CH3 
I 
CHi 
Glycine Alanine Valine 
CH2 
I 
CH-CH3 
I 
CH3 
Leucine 
CH-CH3 
I 
CH2 
I 
CH3 
Isoleucine 
(i) Hydroxyl group containing', 
COOH COOH 
CHNH2 
1 
CH20H 
Serine 
(ii) Sulphur containing: 
COOH 
1 
1 
CHNH2 
1 CH2 
1 
SH 
Cysteine 
CHNH2 
1 
CHOH 
1 
CH3 
Threonine 
COOH 
1 
1 
CHNH2 
1 CH2 
1 
CH2 
1 
S-CH3 
Methionine 
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(b) Mono amino dicarboxylic acids: 
COOH COOH 
CHNH2 
1 
CH2 
I 
COOH 
Aspartic acid 
CHNH2 
I 
CH2 
I 
CH2 
I 
COOH 
Glutamic acid 
(c) Dibasic mono carboxylic acids : 
COOH COOH 
CHNH2 
1 
CH2 
1 
1 
CH2 
j 
CH2 
1 1 
CH2 - NH2 
Lysine 
CHNH2 
1 
CH2 
1 
CH2 
j 
CH2 
1 
NH 
1 
C= NH 
1 
NH2 
Arginine 
B. Aromatic amino acids 
Phenylalanine 
HO-
\ / 
CH2 
I 
CHNH2 
I COOH 
Tyrosine 
20 
C. Heterocyclic amino acids 
N,^^N CHNHz ^ ^ ' ^ ' ^ N ' ^ CHNHj 
COOH COOH 
Histidine Tryptophan 
D. Imino acid 
-COOH CL. N 
H 
Proline 
Oassificatioii of amino adds on the basis of nutritional requirements: 
(i) Essential amino acids: Isoleucine, Leucine, Threonine, 
Lysine, Methionine, Phenylalanine, Tryptophan, Histidine 
and Valine are essential amino acids. Their carbon skeleton 
cannot be synthesized by human beings and so preformed 
amino acids are to be taken in food for normal growth. 
(ii) Non-essential amino acids: Glycine, Alanine, Serine, Cysteine, 
Aspartic acid Glutamic acid, Arginine, Tyrosine, Asparagine, 
Glutamine and Proline are non-essential. All body proteins do 
contain all the non-essential amino acids. Their carbon skeleton 
can be synthesized by metabolic pathways and therefore their 
absence in the food will not adversely affect the growth. 
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1.11 LITERATURE 
The work published on TLC of amino acids during the last 
sixteen years has been presented briefly in Table 1.3. 
22 
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CHAPTER -2 
A NEW TLC SYSTEM FOR 
SPECIFIC SEPARATION OF 
L-ARGININE FROM OTHER 
NONESSENTIAL AMINO 
ACIDS 
2.1 INTRODUCTION 
The separation and identification of amino acids has been 
peifonned by thin layer chromatography (TLC) on a variety of 
sorbent phases (1-23). Of the sorbent phases utilized, silica gel 
has been the most favoured layer material (4-6, 24-31). However, 
in order to achieve efficient chromatographic performance in 
terms of rapidity, selectivity and resolution, new surface 
modified sorbents are being developed. During the survey of 
literature on TLC separation of amino acids, we identified four 
major types of layer materials currently in use: 
(i) Non-modified pure conventional soibents (silica gel, 
alumina, cellulose, polyamide etc.). 
(ii) Adsorbents impregnated with certain organic substances (8-
hydroxyquinoline, pyridinium tungstoarsenate, dodecyl 
benzenesulfonic acid), metal ions (Cu^ ,^ Zn^, Cd^ "^ , Hg^ "^ , 
Co^ * and Fe^"), inorganic anions (Cf, Br", F, P04^, S04 '^, 
CHsCOO"), oiganometallics (Cu-proline complex) and chiral 
selector [(-)-brucine,(-)- ascoibic acid, (+>• tartaric acid, etc.]. 
(iii) Synthetic inorganic ion exchange materials (Amberlite 
CG-120) and cellulose derivatives (DEAE-cellulose, CM 
cellulose and cellulose SF). 
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(iv) Mixed adsorbents containing a mixture of two 
conventional layer materials with or without a binder 
(antimony (V) phosphate + silica gel). 
(v) Chiral, achiral and reversed- phase stationary phases. 
TLC of amino acids performed on impregnated layers has been 
reviewed by Bhushan (S), G a q ^ c (32) and J. Sherma et al (33). The 
inqiregnation of stationary phase can be brought about by (a) adding 
the impregnation reagent to the adsoibent slurry (called '^ precoating 
method"), (b) spraying uiq>regnant solution on TLC plates, (c) 
exposing the layer* the vapours of the impregnating reagent and (d) 
allowing tiie impregnant solution to ascend in a normal manner of 
development (called '^ post coating or immersion method**)* In the 
present study impregnated layers were prepared by post coating 
method. The enhanced selectivity and improved resolution of 
impregnated layers for analytes may be attributed to the decisive role 
of impregnating agent in ion pairing, complex formation, charge 
transfer, ligand or ion exchanging and hydrogen bonding processes 
during chromatography. 
In general, TLC of amino acids and their derivatives on 
in^negnated layers (34-35) has been performed with mixed organic 
and aqueous-organic solvent systems. None of the above cited studies 
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reports the use of silica gel inq>regnated with sur&ctants in 
combination with buffer solutions as eluent in the analysis of amino 
acids. This communication describes an attempt to e}q>lore the 
possibility of developing new TLC systems for selective separation of 
amino acids on silica gel impregnated with different sur&ctants. As a 
result, we have identified a simple TLC system comprising silica gel 
unpregnated with sodium dodecyl sulphate (SDSX an anionic 
surfactant as stationary phase and aqueous borate phosphate buffer (pH 
2.30) as mobile phase for specific separation of aiginine from other 
non essential amino acids, specially fix>m serine and tyrosine which 
have identical pKa values. The pKai value of arginine, serine and 
tyrosine is 2.2 whereas their pKa2 values are 9.0, 9.1 and 9.2 
respectively. Additionally, all these amino acids belong to the same 
groiq) of amino acids ccmtmning neutral polar side chain. 
22 EXPERIMENTAL 
All experiments were performed at 30 + 2'^ C apparatus. 
Appsratos: TLC applicator (Toshniwal India) was used for 
coating silica gel on 20 x 3.5cm glass plates. The 
chromatography was performed in 24 x 6cm glass jars. A glass 
sprayer was used to spray reagent on the plates to locate the 
position of the spot of analyte. 
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Chemicals and reagents: Silica gel *G\ boric acid, sodium 
hydroxide, ninhydrin, trioctylamine and methanol (Merck, India); 
sodium dodecyl sulphate (SDS) and diphenylamine (BDH, India); 
cetylpyridinium chloride (CPC), amino acids, N-cetyl-N,N,N-
trimethyl ammonium bromide (CTAB) and triton X-100 (TX-
100) (CDH, India); m and p-phenylenediamine (LOBA-Chemie, 
India);tri-n-butylamine and tert-butylamine (S.D. Fine Chemicals 
Ltd., India); phosphoric acid (Glaxo, India) were used. 
Amino adds studied: The following non-essential amino acids (36) 
were studied-
Name of amino acid Abbreviation 
(A) With aliphatic side chain 
L-Alanine L-Ala 
D- Alanine D-Ala 
DL- Alanine DL-Ala 
Glycine Gly 
(B) With side chains containing acidic groups 
DL- Aspartic Acid DL-Asp 
L-Glutamic Acid L-Glu 
£>- Glutamic Acid £>-Glu 
(C) With side chains containing sulfur atoms 
L- Cysteine L-Cys 
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(D) With imino group 
L- Proline L-Pro 
(E) With side chains containing hydroxylic (OH) group 
L-Serine 
L- Tyrosine 
(F) With side chains containing basic groups 
L~Arginine 
L-Ser 
L-Tyr 
L-Arg 
Test solntioiis: All the test solutions (1%) of amino acids were 
prepared in deniineralized double distilled water. 
Detector: 0.3% Ninhydrin solution in acetone was used to detect all 
the amino acids. 
Stationary phase: 
Code Stationary phase 
Si Silica gePG' 
52 Silica gel unpregnated with SDS (O.OIM) 
53 Silica gel impregnated with SDS (O.OOIM) 
54 Silica gel unpregnated with SDS (O.OOOIM) 
55 Silica gel impregnated with CPC (O.OOOOSNf) 
56 Silica gel impregnated with CTAB (O.OOOIM) 
57 Silica gel in^regnated with TX-lOO (O.OOOIM) 
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Mobile phase: Following borate phosphate buffer systems prepared 
from various combinations of boric acid (0.04M), phosphoric acid 
(0.04M) and NaOH (0.24M) were used as mobile phase. 
Code Mobile phase 
Ml Borate phosphate buffer (pH 2.30) 
M2 Borate phosphate buffer (pH 5.38) 
M3 Borate phosphate buffer (pH 9.04) 
Preparation of TLC plates: 
(a) Plain silica gel thin layer plates 
The plates were prepared by mixing silica gel into water in 
1:3 ratio with constant shaking until homogeneous slurry was 
obtained. The resultant slurry was applied on glass plates with 
the help of a Toshniwal applicator to give a 0.25mm thick layer. 
The plates were dried in air at room temperature and then 
activated by heating for 1 hour at 100 + 5*'C in an electrically 
controlled oven. The activated plates were stored in a closed 
chamber at room temperature until used. 
(by Impregnated TLC plates 
The activated silica gel plates were impregnated with 
desired concentrations, given in parenthesis of SDS (0.0 IM, 
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O.OOIM, O.OOOIM), CPC (0.00003M), CTAB (O.OOOIM) and TX-
100 (O.OOOIM) by developing silica gel plates in aqueous 
solution of impregnant, followed by drying of the plates at lOO'^ C 
in an electrically controlled oven for 1 hour. 
Procedure: Test solutions (l.O^L) were applied by means of 
micropipets (Tripette, Germany) approximately about 2.0cm 
above the lower edge of the plates. The plates were developed in 
the chosen solvent system by the ascending technique. The 
solvent ascent was fixed to 10cm in all cases. After development 
was complete, the plates were withdrawn from glass jars and 
dried at room temperature followed by spraying with freshly 
prepared ninhydrin solution. All amino acids except L-Pro 
appeared as violet spots on heating TLC plates for 15-20 minutes 
at 60°C. L-Pro produce yellow spots. The RL (RF of leading front) 
and RT (RF of trailing front) values for each spot were determined 
and the RF value was calculated as: 
^ ^ O . S ( R , + R T ) 
^ 10 
Separation: For the mutual separation, equal volumes (1.0 mL 
each) of L-Arg, L-Ser and L-Tyr were mixed and 1.0^L of the 
resultant mixture was loaded on the TLC plates (S3). The plates 
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were developed with mobile phase Mi, the spots were detected 
and the Rp values of the separated amino acids were determined. 
Interference: Investigating the effect of amines on the mobility 
of amino acids is an important aspect as all amino acids contain 
amino group (-NH2) except L-Pro which bears an imino group (-
NH). For investigating the interference of amines on separation 
of L-Arg from L-Ser and L-Tyr, an aliquot (lO^L) of foreign 
substance was spotted along with the mixture (lO^L) of L-Arg, 
L-Ser, and L-Tyr. The chromatography was performed on S3 as 
described above with Mi. The spots were detected and the Rp 
values of amino acids were determined. 
Mkrognun separation of L-Ai^  fh>m L-Ser or L-Tyr and viee vem : 
For Ms study, TLC plate (S3) was first spotted with 10^L of the L-Arg 
(10^g) solution and then with lO^L from a series of standard solutions 
of L-Ser or L-Tyr containing 0.1-3.0mg per 10 ^L onto the same TLC 
plate. Simultaneously another TLC plate was first spotted with lO^L of 
L-Ser or L-Tyr (10^g) solution and then with 10^L of the standard 
solutions containing 0.1 - 1.8mg L-Arg per lO^L onto the same TLC 
plate. The spots were completely dried and the plates were developed 
with Ml and the separated spots were visualized. The RL and RT values 
were calculated for both the ammo acids. 
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Effect of sample pH: For this study» mixtures of L-Arg, L-Ser 
and L-Tyr were adjusted to different pH values (1.4, 3.8, 9.0 and 
11.4) by adding drops of HCl or NaOH solution. The resultant 
samples were chromatographed on S3 using Mi as mobile phase 
and the Rp values of resolved spots were calculated. 
2.3 RESULTS AND DISCUSSION 
The results of the present study have been summarized in 
Tables 2.1-2.4 and Figures 2.1-2.2. 
Effect of pH of mobile phase 
The results presented in Table 2.1 indicate that the mobility 
of twelve non essential amino acids on plain silica gel layer is 
influenced marginally by the pH of borate phosphate buffer 
systems used as mobile phases. The Rp values of all amino acids 
fluctuate between 0.79 to 0.99 over the entire pH range (2.30-
9.04) of mobile phase except that of L-Arg for which Rp value 
increases slightly with the increase in pH value of mobile phase. 
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Table 2.1: Effect of pH of mobile phase on RF value of non enential 
amino acids determined on plain (or nnimpregnated) silica layer. 
Non essential 
amino acid 
L-Ala 
D-Ala 
DL-Ala 
DL-Asp 
L-Cys 
L-Glu 
D-Glu 
Gly 
L-Pro 
L-Ser 
L-Tyr 
L-Aig 
RF value 
pH of mobile phase 
2.30 (M,) 5.38 (M2) 9.04 (M3) 
0.91 
0.99 
0.94 
0.96 
0.94 
0.97 
0.99 
0.97 
0.84 
0.93 
0.96 
0.68 
0.95 
0.93 
0.92 
0.98 
0.94 
0.97 
0.94 
0.88 
0.81 
0.95 
0.95 
0.70 
0.93 
0.90 T 
0.96 
0.97 
0.94 
0.99 
0.96 
0.95 
0.86 
0.98 
0.92 
0.80 
(T « Tailed spot; RL - RT > 0.3) 
SO 
In view of better spot compactness, mobile phase of pH 2.30 was 
selected for further studies to Hnd out improved separation 
possibilities of L-Arg from other amino acids. 
Effect of SDS coDcentration on mobility of amino acids 
Results listed in Table 2.2 deal with the use of silica 
stationary phases impregnated with SDS at three different 
concentration levels [i.e. above critical micelle concentration, 
CMC (S2), near CMC (S3) and below CMC (S4)] for the 
chromatography of amino acids. The CMC value of SDS in pure 
water is 0.008 IM. These concentration levels of SDS were 
selected for impregnation, for the reasons that below CMC 
(O.OOOIM SDS), SDS behaves as an electrolyte whereas above 
CMC (0.0 IM SDS) it forms micelles and behaves entirely in 
different way as compared to its behaviour below CMC. 
Furthermore, near CMC (0.00IM SDS) SDS provides more polar 
environment compared to the aqueous system containing 
O.OOOIM SDS. The increase in polarity of aqueous media by the 
increase in surfactant concentration has been the most fascinating 
feature of surfactant- mediated mobile phase systems in liquid 
chromatography. It has been reported (37) that an increase in 
surfactant concentration in the mobile phase leads to the increase 
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Table 22i Effect of SDS concentratioii level in the silica gel layer 
on RF value of noii essential amino acids determined osing borate 
phosphate buffer, pH 2 JO (MO as mobile phase. 
Nonessential 
amino acid 
L-Ala 
D-Ala 
DL-Ala 
DL-Asp 
L-Cys 
L-Glu 
EM3iu 
Gly 
L-Pro 
L-Ser 
L-Tyr 
L-Arg 
RF value* 
Concentration of SDS in silica stationary phase 
0.01M(S2) 0.001M(S3) 0.0001M(S4) 
0.97 
0.95 
0.92 
0.98 
0.95 
0.94 
0.98 
0.96 
0.80 
0.95 
0.98 
0.50 
0.95 
0.96 
0.90 
0.99 
0.92 
0.95 
0.99 
0.94 
0.79 
0.97 
0.94 
0.45 
0.94 
0.94 
0.97 
0.95 
0.96 
0.99 
0.99 
0.96 
0.87 
0.95 
0.95 
0.52 
(T * Tailed spot; RL - Rj > 0.3) 
* The values obtained on silica layer impregnated with 0.008 IM SDS 
(i.e. SDS concentration at CMC) were the same as obtained on S3. 
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in adsorbed amount of surfactant monomers on the stationary 
phase, which usually causes a change in selectivity. Our results 
of Table 2.2 demonstrate that variation of SDS concentration 
from 0.0001 M to 0.0 IM in the stationary phase does not bring 
about a significant change in the selectivity of silica phase and 
all amino acids except L-Arg travel with the solvent front over 
the entire surfactant concentration range. However, an improved 
separation of L-Arg (RF - 0.45) is emerged out on Sa (0.00IM 
SDS) treated silica layer. 
Effect of different surfactants used as impregnant 
To examine the effect of natiu'e of surfactant used as 
impregnant, cationic (CPC and CTAB) and nonionic (TX-lOO) 
surfactants were introduced in silica stationary phase by 
impregnating silica gel with aqueous surfactant solutions having 
concentration near their CMC value. The chromatography of 
amino acids on resultant impregnated phases (S3-S7) was 
performed using borate phosphate buffer pH 2.30 as mobile 
phase. 
The results presented in Table 2.3 further demonstrate that 
the best separation of L-Arg from all other non essential amino 
acids is possible on S3 layer compared to plain silica gel layer 
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Table 23t RF value of non essential amino acids on different 
stationary phase using Mi (buffer pH 230) as mobile phase. 
Non essential 
amino acid 
L-Ala 
D-Ala 
DL-Ala 
DL-Asp 
L-Cys 
L-Glu 
D-Glu 
Gly 
L-Pro 
L-Ser 
L-Tyr 
L-Arg 
Stationaiy phase' 
s, 
0.91 
0.99 
0.94 
0.96 
0.94 
0.97 
0.99 
0.97 
0.84 
0.93 
0.96 
0.68 
S3 
0.95 
0.96 
0.75 
0.99 
0.92 
0.95 
0.99 
0.94 
0.79 
0.95 
0.94 
0.45 
S5 
0.94 
0.97 
0.89 
0.96 
0.93 
0.95 
0.98 
0.90 
0.80 
0.95 
0.90 
0.61 
Se 
0.93 
0.96 
0.80 
0.96 
0.93 
0.90 
0.98 
0.91 
0.73 
0.95 
0.91 
0.62 
S7 
0.97 
0.86 
0.81 
0.99 
0.94 
0.96 
0.98 
0.92 
0.77 
0.98 
0.92 
0.60 
(T = Tailed spot; RL - RT > 0.3) 
* c ^ S] - Silica stadonary phase, S3 = SDS (O.OOIM) impregnated silica 
layer, S5 = CPC (0.00003M) impregnated silica layer, Se = CTAB 
(O.OOOIM) impregnated silica layer and S7 ^^  TX-lOO (O.OOOIM) 
impregnated silica layer. 
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(Si) and silica gel layers impregnated with CPC (Ss), CTAB ($5) 
or TX-lOO (S7). Thus, anionic surfactant impregnated silica layer 
is most favourable for specific separation of L-Arg. 
Effect of impurities 
To widen the applicability of developed TLC system (Mi-Sa) 
the separation of L-Arg from L-Ser and L-Tyr was examined in 
the presence of trioctylamine, tri-n-butylamine, tert-butylamine, 
diphenylamine, m-and p-phenylenediamine as impurities. From the 
results listed in Table 2.4, it is clear that Rp value of L-Atg increases 
slightly from 0.4S to 0.48 in the presence of trioctylamine and tert-
butylamine. However, a reversed trend i.e. a slight reduction in Rp 
value of L-Arg in the presence of tri-n-butylamine, m-and 
p-phenylenediamine was noticed. In the presence of diphenylamine, 
L-Arg could not be detected. Thus, separation of L-Arg from L-Ser or 
L-Tyr can be achieved in all cases except diphenylamine. L-Ser and 
L-Tyr comigrate in the presence of all aniines. 
Effect of sample pH 
It is also evident from the results summarized in Figure 2.1 
that regardless of the sample pH value, L-Arg can be selectively 
separated from L-Ser and L-Tyr over the entire pH range (pH 
1.4-11.4). y 4 ^ ^ ^ 
M Ace No __. M 
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Table 2.4: Separation of L-Arg from L-Ser or L-I^r in tiie 
presence of amines as impurities on SDS (0.001M) impregnated 
silica pliase (Sb) using Mi (pH 230) as mobile phase. 
Impurities 
Trioctylamine 
Tri-n-butylamine 
Tert-butylamine 
Diphenylamine 
m-Phenylenediamine 
p-Phenylenediamine 
RF Value 
LrArg 
0.48 
0.39 
0.48 
ND 
0.40 
0.40 
L-Ser or L-Try 
0.97 
0.88 
0.93 
0.88 
0.94 
0.93 
(ND refers to not detected) 
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L-Ar8-»-L-Ser/L-Tyr 
1 
0.8-1 
S 0.6 
^ 0.4-
0.2 
1.4 3.8 9.04 
PH 
11.4 
Figure 2.1: Efffact of sampto pH on the separation of L-Arg 
from L-8«r or L-Tyr with iNi-Ss TLC System. 
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Comparison of plain and impregnated silica layer 
The results depicted in Figure 2.2 more clearly reveal that: 
(a) Compared to unimpregnated silica layer, better separation of 
L-Arg from L-Ser and L-I>r is obtained on SDS (O.OOIM) 
impregnated silica layer at all pH values of the mobile phase (i.e. 
buffers, pH 2.30,5.38 and 9.04). 
(b) As regards to the pH of mobile phase, better separation of L-Arg 
is achieved at pH 2.30 irrespective of the nature of silica layer 
(unimpregnated or SDS impregnated). 
(c) The best separation of L-Arg is at pH 2.30 on SDS unpregnated 
silica layer. 
(d) Mutual separation of L-Ser and L-Tyr is not possible. 
Micrognun separation nih-Aig finom L-Ser or L-iyr and viee versa 
In addition to qualitative separation, separation of 
microgram quantity of one amino acid from large quantity of 
other amino acids is often required. During the present study, it 
was observed that 10 ^g of L-Arg can be easily separated from 
3.0mg of L-Ser. Similarly, lO^g of L-Ser can be separated from 
l.Smg of L-Arg. Thus, milligram quantities of one amino acid 
can be successfully separated from microgram amounts of other 
amino acids using the proposed TLC system. 
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• L-Ai% on Si Stationary i^ iase. 
• L-Arg on S3 Stationaiy phase. 
0 L-Ser on Si Stationary [diase. 
B LrSer on S3 Stationary phase. 
S L-Tyr on S| Stationary i^ iase. 
B L-Tyr on S3 Stationary phase. 
Amino acids 
Figure 2J2: Separation efficiencies of onimpregnated and SDS 
(0.001M) impregnated silica layers for the resolution of L-Arg, L-
Ser, and L-iyr at different pH values of mobile phase. 
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CONCXUSION 
A new TLC system comprising of silica layer impregnated 
with (0.00 IM) SDS as stationary phase and borate phosphate 
buffer pH 2.30 as mobile phase was identified for specific 
separation of L-Arg from L-Ser and L-Tyr. 
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